Mathematical modelling of superoxide generation with the bc1 complex of mitochondria
It is widely believed that direct nonenzymatic semiquinone oxidation with oxygen is one of the sources of superoxide in mitochondria. In the present work we developed a mathematical model of coupled functioning of the bc1 complex and ATP producing processes that allows one to obtain the dependence of superoxide production rate on membrane potential (DeltaPsi). Assuming that electron transfer between hemes of cytochrome b is the main electrogenic step of the Q-cycle, we found that rate of superoxide production increased dramatically with increase in DeltaPsi in the range from 170 to 200 mV. This explains experimental observation of a dramatic decrease in the superoxide production with decrease in DeltaPsi in the range from 200 to 170 mV. Generation of superoxide can be diminished with the inhibition of the electron supply to the Q-cycle, with decrease in external potassium, or increase in external inorganic phosphate level.